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PBEIOD OF 6 4  PIAN!P GROWTH IN XARYLAND AND 
DETAWARE. 

By O ~ B  L. FASSIQ, Profeseor of Meteorology. 
mated Weather Bumnu, Baltimore, Md., Apr. 18,lolr.l 

It is customary to establish the average period of safe 
lant growth for a locality by determinm the average 

frost in fall. When a temperature of 32°F. or below 
occurs without the occurrence of frost during a critical 
period after lant activity has begun in the spring, or in 
the earlyfal before the cro s have all been gathered, the 
date of occurrence of the ast and h t  temperature of 
32O, respectively, is substituted in place of a killing frost 
in determining the aver e dates of the last and first 

cide with the occurrence of a temperature of 32”, owing 
to the custom of ex osing the thermometer in a shelter 
several feet above t E e y d .  The difference between 
the tern erature upon t e ground and the temperature 

be as much as lo”, the amount of variation depending 
upon the topography and the weather conditions. As B 
rule [on cloudless nights] the tem erature at  the ground 

erature in the shelter; t-his condition may be reversed, 
!owever. Since the intervals based on the last and h t  
occurrence of frost, and those based on the last and first 
occurrence of a temperature of 32” F., are not of 
langth, the usual method of calculating the frost ess 
penod from records made up by combining both kinds of 
observations (instrumental and phenological) is obvi- 
ously open to criticism. The use of an occasional freez- 
.ing temperature to com lete a lon record of observed 

should not be resorted to. 
In order to learn the extent of the difference in the 

length of the frostless period, or the difference in the 
length of the period of safe plant growth as determined 
by means of the two methods described, two distinct 
series of observations were tabulated and compared for 
all stations in Maryland and Delaware having a record 
covering a period of 10 ears or more. Fortunately we 

observations extending over periods varying from 10 to 
43 years. The average len th of these records is 20 

tabulated resulta of a study of these observations show 
the following facts of observation and of calculation for 
each of fifty-two stations in Maryland and Delaware: 

sates of the last killing frost in spring and t % e first killing 

r 
frosts. The occurrence o T frost does not generally coin- 

within t E e shelter, about 5 feet above the ground, may 

is distinctly lower during the nig f t hours than the tem- 

”p””’ 

frosts is not objectiona t le, but a P requent substitution 

P 

have in these States a 9 q e  number of carefullymads 

years, confined mostly to t % e period 1890-1913. The 

1. The elevation of the station above sea level. 
2. The length of the period of tem erature ?baerv.ationa. 
3. The average date of the last k i lhg  frost rn s nng. 
4. The average date of the firet killiq front in &1. 
5. The average length af the intervenmg period. 
6. The average date of the last temperature of 32O in s ring. 
7. The average date of the h t  temperature of 32O in &l. 
8. The average length of the intervening period. 
9. The difference in the 1- of the two intervening periods, based 

8. The earliest and latest occurrence of the last temperature of 32O 

lL%e average departure from the normel date of the laat rpring 

rea ectively on frost observabona and on temperature observations. 

hep 

22. The earliest and latemt occurrence of the flnt tempmature of 

13. The a v z  departure from the normal date of the first tempem- 

14. The longest’ period of d e  plant growth, with year of occurrence, 
15. The ahorteat period of safe lant growth, with year of o c m c e .  
16. The extreme variation in t!e period of safe plant 
17. The average departure, in days, from the  nod^$ of the 

320 in fall. 

ture of 320 in 

p a d .  

The tabulated material’ has also been charted in order 
to show at a glance the geographical relations of the 
values determined. A comparison of the -res and 
charta showing the length of the two growing season8 
sug esta the advisability of adopting a uniform method 

appears to demonstrate the superiority of the method 
based upon the last and first occurrence of a fked tem- 
perature, for example 32’ F., over the usual method of 
observing and recording the dates of the last and first 
killing frosts in spring and fall, respectively. 

Some of the reasons which may be advanced in favor 
of the method of determining the period from the tem- 
perature records are the following: 

1. The tern erature is observed and recorded regularly each day, and 
the record is kerefore complete for the en* mwon. 
2. Frost records are a t to be incomplete unleea they occur at critical 

periods in plant p& . c i s  failure to record fro@ is particular1 
noticeable u1 records of epm frosts; stations havmg excellent fa4 
records have often a very dekctive record of spring f r a t s .  
occurrin after a long penod of warm weather, as in summer or esrly 
fall, are fikely to be more conspicuous events than the last of a series of 
many frosts occurring throughout the winter and early spring. 

3. In recording frosts there ia always a variable m n a l  factor,.opin- 
ions differing aa to the extent and severity of the k t ,  resulting ~II  the 
same froet being designated as ‘6heav’  or “ killing.” In recording 
temperatures, on the other hand, thls personal factor is practically 
eliminated. 

4. There is a fair1 fixed and uniform relation existing between the 
temperature in the Lelter and the occurrence of a killing frost in any 
given locality, and this factor can be readily determined from a com- 
paratively ahoit series of observations. 

5. For reaaons stated a b e e  a reliable “froatlees eriod” may be 
established for a given locality from a ahorter aeries ofobservations by 
the use of a temperature record than by the use of a froat record. 

of % etermining the period of safe plant growth, and 

The Maryland and Delaware records, covering an aver- 
age eriod of 20 years at  50 stations, show that the 

ture of 32°F. is about 10 days longer than the eriod based 
on the occurrence of killing frost,s. This riation holds 
good in eneral for stations in open, level places, but 
apparent k y does not hold for stations in the mountain 
dutricts, where the period baaed on the occurrence of 
frosts is longer than that determined from a record of 
freezing temperatures in a shelter 5 feet above the 
ground. 

The longer “frostless period” in the mountains is ex- 

frost P ess period based on the observations of a tempera- 

lained b the fact that the last frost in s 
grst in fd occur late in the spring and 
a t  times when the ground is warmer 
it. This explanation is supported by the fact that the 
average temperature at  the time of occurrence of killing 
frosts at  the stations in question is found to have been 
between 28’F. and 30°F.. while the averwe temwrature 
at the time of occurrence id killing frosts & the live1 low- 
land stations is found to have been approximately 32’ F. - -  

t m l ~ t u r e 0 f S Z 0 .  - 
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Laurel is the one exception to the general rule that in the The necessity for charting these two systems of o k k  
level lowlands the period based on a temperature of 32'F. tions separately is apparent, and I believe that the methad 
is longer than the period based on frost observations, and based on a record of the last tern erature of 32' F. m 

It is note- the difference here is small, namely, two clays. spring ant1 the first temperature o P 32O F. in fall is the 

FIG. %--Average date of occurrsii~e oi the first temperature of 33" F. in fall in Maryland and Dels:rare. 

PIG. d.--bverage leugth of the period of sde plant growth. i .Ba4d ou number of days between Last spring 2nd fiut fall temperature 0131' F.) 

worthy that Laurel is the one station at which the ther- 
morneter shelter is 6 inches above the ground, while at all 
other stations the shelter is placed at an elevation of about 
5 feet above the ground. 

better method. The forniation of frost depends not only 
upon the occurrence of a temperature of 32; F. or lower, 
but also upon the relative humidity of the air at the hme 
and place of formation; the temperature may fall conmd- 

43134--1&--2 
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erably below the freezin point for water without the less periods (fi s. 4 and 8), and of lines showing the be- 

plants is probably as great in one cnsn as in the other, yet the charts based upon the temperature records (figs. 2, 
occurrence of frost in a fi ry atmosphere. The injury to ginning and en % ing of the periods (figs. 2,3,6, and 7) ; but 

FIG. L-Average dale 01 the last L i U i  frost in spring. 

the absence of frost may give the impression that no 

A coinparison of the charted results of the two niethods 
injury has resulted. 

shows a similar configuration of the lines of equal frost- 

3, and 4) show greater detail owing to the use of a greater 
nuniber of stations and a greater avera e length of the 
periods of observation permitted by t a e temperature 
method. 



bfABOH, 1914. MONTHLY WEATHER REVIEW. 156 

Nearly all of the temperature observations used in the like Baltimore and Washington where the thermometers 
construction of the ac.companying charts wore made under are espnsed upon the roofs of buildings at elevations of 
similar methods of esposure of thennometers, viz, in 100 fcet or iiiore ahore tho ground. 

KEY TO SYMBOLS. 

@Mct'l obserrallans. (Regular W. B. scaiionr) 

0 Mcl'l obserrations. (Subslalioni.) 

ADisplay or dislrlbullun d lomasb. 

3 

1. IO. s.-..\veraye length, in day:, of the frosllms period. Local intervals are underscored. 

standard Weather Bureau shelters about 5 feet above tho 
ground in country districts or in opm places in small 
towns. Pro er alfowance iniist be iiiadc for temperatures 

usual methods of exposure, such as those of large cities 

The charts show quantitatively what has long been 
recognized in a general way, viz, the great influence of 
Chesa eake Bay in len thening the poriod of safe lant 

charts. 
observed un : er conditions which differ widely from the growt rl in Maryland. th i s  fact is conspicuous in a i  the 
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TABLE 1.-The period of safe plant growth in Marylund and Delaware. 
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Frostless period longer than temperature period. At  all other statlons the temperature pedod is longer than the frostless perlod. 

The protecting influence of the mountains in the west.- The eriod of safe lant growth along Chesapeake Bay 
ern part of Maryland (see k. 1 for topo aph in snut K ern Marylanc P , is longer by nearly 100 days than 
State) i s  also clear1 shown in the greater 7 engt. T 1 Of of the t.he period in Garrett County in the mountains of western 
frostless eriod on t K e eastern, or leeward side, and in the Marylaiid. 
contrast \ e.tween conditions on the western and eitstern 
sides of the Blue Ridge Mountains in Washington and 
Frederick Counties. 

Taking the average for a long series of years, a tempera- 
ture of 32' F. or below disap ears in sprin along the 
shores of Chesapeake Bay anzalodg the At%ntic coast 
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about April 5, to reappear in the fall about November 10 "Peninsula," including Delaware and the district in 
or 12, showing a period of safe plant growth of about 210 Maryland between the Atlantic Ocean and Chesapeake 
days. These figures a ply, however, only to locdit,ies Bay. In the central portions of the Peninsula, farthest 
near the shore. The P ength of the period diminishes away from the Bay and the ocean, regions in which noc- 

rather ra idly with increasing distance from the water's 
edge. TLs protecting influence of the Bay is strikin ly 

lengt B of the frostless period on what is known as the 

tarnal radiation is more active than in the immediate 
vicinity of large-bodies of water, freezing temperatures 

20, and reappear in the fall about October 20 to 25, de- 
brou h t  out in figure 4, showing the vanations in t 5 e do not usually dlsappear 111 the spnng until April 15 to 
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creasing the period of safe plant growth from 210 days 
near the shores to 190 da s at distances only 20 to 35 
miles inland, a difference or20 da . Differences in soils 

In the mountain districts of t,he. Blue Ridge (see Sg. 1) 
we have a striking exam le of the protectin influence of 

vailin westerly winds. On the western or windward 

lmd Valley, the frost period extends into the first week 
of May and reappears in the fall in the first decade of 
October, showin a period of safe plant, gr0wt.h of about 

the period is lengt.henec1 to 190 dags, and even 200 days, 
the freeing temperatures disappeaiing about Apiil 15 
and reappearing in the. third decade, of October. In the. 
mountain dietncts the variations in the 1engt.h of t.hc 
season are to some extent due to cold-air drainage cluripg 
clear and calm nights and can nut be altogether nttrlb- 
uted to the protecting influefice of the niount,ains against 
the cold westerly winds. 

I n  the most western county of Maryland w e  find 
another factor entering int.0 the length of t.he period of 
safe plant growth, namely, t.hat of elevation, as shown by 
%re 1. The general level of Garrett County is not far 
from 2,500 feet above sea level, with eeks rising t.0 3,000 
feet. He.re we have a very c1ecide.c P shortening of the. 

eriod, injurious frosts extending into the early days of 
fune and appearing again about the middle or Septein- 
ber, showing a enod of safe plant, growth of but little 
more than 100 B ays in the areas esposed to intense noc- 
turnal radiation and to estmsive air drainage. 

TEE PROGRESS AND PRESENT STATE OF RESEARCH 

am doubtless in part responsible T or these variations. 

a mountain range stretckng across the pat f; of the pre- 

side o f the Blue Ridge, in the lower levels of the C’umber- 

160 days. On t fl e eastern or protectzed side of the Ridge 
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ON Tgg: EVAPORATION O F  MOISTURE IN THE AT- 
MOS-RE. 

[Communicated to the International Meteorological Congress at Chicago, I l l . ,  .\ogust, 
1s93.1 

By Prof. Ur. AUQIJST WEILENJIANN. 
[Dated, Zurich, July, lS93. Revised by the author March 24, i:lOl.] 

[Prof. August Weilenlqann died at Zurich. November 10. 1508, at 
the age of 64. Besldes his activities in his choeen field of.astriinnmy, 
he ranked among the leading Swim nieteornlogist~ of his tinit.. Vnder 
the general direction of the mtrononier Wnlf. he was pot. in di:ti.ge of 
the obeervational material collected by the metenrolugica I r6rea.u of 
Switzerland when that work W.ZB Lgun in 1 S W M  undcr thc. Care of 
the then newly established astrononnniical observatory of the I’crleral 
Polytechnikum. He continued in charge of this work. cwitrihriting 
mau papers to the “Schweizerische nictenmlogisrhe Benbachtiingen,” 
und1872, when he was sucrceded hy Rillwiller. 
In 1873 Weilenmann withdrew froin the wt,roliomical nhservatory 

and devoted himself with brillien t. success to tcwliing mntlicma.tics. 
ghyacs, and meteorology in the higher cantonal sc1ii:ioIs. For 30 years 

e lectured on meteorology at the Universit,y nnd the Polytec-nikum 
in Zurich. His extremely clear and innpiring 1ei:tiires iua~llc all these 
mb’ecta intereating and useful to a very wide c k l e  of hcarers. 

&e present aper. 88 noted above, was revised by ita author and 
prepared for uthcation in 1901; publication has been delayed €or the 
reasonsstat.efin the REVIEW for February, 1911. p. 93.-c. A . ,  jr.] 

The evaporation of moisture was for a long t.inie tot.a.lly 
n lected in meteorology 8s n mat.ter of observation, 
alt Yl ough it is one of the most, important, of the elements 
whose concurrence constitutes t.he went.her. Kiinitz in 
his Meteorology in 1831 gives only t.liree pages t o  this 

henomenon and ment.ions only t,lie observat,ions of 
balton in England and of soiiie others made at: vuious 
places in fiance and Holland. Schubler in his Msteor- 

Sahmid of 1831 gives his own resu1t.s atTubingen. 
great treatise of 1860 knows no other observat.ions 

than those already mentioned, by K h t s  and SchlLbler, and 
on page 600 he says: “The total result, of these observa- 
t.ions on evaporat.ion simply leads to the conclusion that 
it, is absolut.ely impossible t.0 determine even approxi- 
niat.ely t,he. quant.ity of moisture that passes from. the 
surface of the enrt.11 int.0 t,he at.mosphere during a gven 
tinie and at. a given place.” Althou h t,his conclusion 

vations niacle under diverse condit,ions may not be abso- 
lutely conipnriible and n1n.y differ in total amount from 
the quantities t.liat, evapornte from the ocean or the open 
surface of the lalid, still the researches and experiments 
on t.liis subject. are of gent. iniport.ance and furnish a use- 
ful fact.or wherewith to characterize t.he climate of a ’ven 
place. Moreover, t.lie observations organized by s i l d  
in Russiia and by H a m  in Aust,ris-Hungary show that 
the resu1t.s obt,ained with siniilar inst,runient.s similarly 
esposetl :ire comparable. Therefore, in spit.e of the dis- 
coiir~giiig words of Sclimid, t.he observations of the 
evaporat,ion of nioist.ure have not, been abandoned, but 
rather have been great,ly increased since 1860. The 
space conceded t.0 tbis present report does not allow me 
t.o coniniunicat e sll that, has been rtcconiplished wit.hin 
the past. 50 yenrs (lY43-1S92), but it may be sufficient 
t.o give t,he most. iniportnnt results. I shall divide this 
paper into t.wo port ions: Theory and Instruments and 
obserraticms. 

mag be true to a cerhin degree, and a 7 t,hougli the obser- 

THEORY. 

Tlie well-known physicist I)alt.on was among the first 
to endeavor to state the connection between evaporation 
and t.he elements on which it. depends. He gmes the 
following forliiulii for t.he r8t.e of evaporation: 

In this forniula A is a constant, S t.lie maximum aqueous 
vapor pressure for the teniperat.in-e of the wat.er surface, 
s the achial vapor pressure present, in the Ri r ,  b the 
atniosplieric pressure. 

This es ression does not take into account the ver 

#. Weilennittnn, of Zurich, has t.reat,ed (1) t,he same 
problem. Tlie principle on which t,lijs theory is based is 
nmthemntically t.lie same as t,liat of the wave motion of 
the niolecdes of fluids, assuming e constant duration for 
t,he vibrat.ions in the same fluid. It also takes into con- 
sicler:it.ion t,he titmospheric pressure, b, which diminishes 
the aniplit,ude of t,he vibrations, and the niot,ion of the 
air which favors the renewal of that, which has become 
snt.orated wit.11 va.por. I t  further assunies t,hat the air 
moving close to t,he surface of t,he water becomes com- 
pletely snturntecl. By this t.lieory we find the following 
expression for t,he depth, h, uf the layer of water evapo- 
mt.eil in t,he t,ime z.  

ap reciab P e influence of t.he motion of the air or the win1  

where /3 and ,!?, arc! constantas; b the atmospheric pressure; 
.in., = G, - 9, , where G, is t.he weight of the vapor in a cubic 
nieter of saturated air a t  the temperature, tl, of the sur- 
fme lnger of evnporating water, and g1 the weight of the 
vapor actually existing in a cubic meter of air before con- 

1 See “An annotated bibllograph of eva oration,” M O ~ L Y  WEATEHEB REVIEW, 
June, 1908, to June, 1900. Also rep&ted. -#~rm~.  


